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We report the photoelectron spectrum of the aminomethoxide anion (H2C(NH2)O
–). The electron 
affinity (EA) of the aminomethoxy radical is determined to be 1.944(1) eV. Transitions to the 
ground ( 2A″) and first excited ( 2A′) electronic states of aminomethoxy are observed, with the 
term energy measured to be T0( ← ) = 0.085(1) eV. A long vibrational progression is 
observed for the transition to the ground  2A″ electronic state of aminomethoxy, primarily 
consisting of OCN bending and HNH wagging vibrations, leading to the assignment of these two 
fundamental vibrational frequencies of H2C(NH2)O
•  2A″. The gas phase acidity of 
aminomethanol is calculated at the G4 level of theory to be 7acidH0K
o  = 374.0 kcal mol<1, which, 
when combined with the experimental EA of aminomethoxy in a thermochemical cycle, provides 
a determination of the O–H bond dissociation energy, D0(H2C(NH2)O–H) as 106(2) kcal mol
<1. 
Comparisons of the EAs and T0( ← ) for the aminomethoxy, methoxy, ethoxy, and 
hydroxymethoxy radicals provides insight into how the substituent group affects the electronic 
structure of singly substituted alkoxy radicals. 
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 Alkoxy radicals are an important class of molecules in atmospheric1<5 and combustion6<12  
processes, where they often act as highly reactive intermediates. As an open<shell species with 
the radical center located on the oxygen, complicated further by some radicals possessing high 
symmetry, alkoxy radicals often have complex electronic structure making it difficult to fully 
characterize these molecules spectroscopically. Both their high reactivity and challenging 
electronic structure have motivated investigations of alkoxy radicals using a variety of 
experimental and theoretical methods.13<19 Experimentally, alkoxy radicals have been studied in 
the gas phase mainly via spectroscopic techniques.16, 20<27 Theoretically, the electronic structure 
of small alkoxy radicals have been investigated with a focus on Jahn<Teller interactions, spin<
orbit splittings, and vibronic couplings.28<31 
 Several experimental investigations, including extensive work by Miller and 
coworkers,32<35 have focused on building from the simplest alkoxy radical (methoxy) to larger 
alkyl substituted radicals, studying how the vibrational and electronic structure are altered upon 
the addition of different functional groups.16, 32, 34<36 Ramond et al.16 investigated the ethoxy 
(H2C(CH3)O
•), isopropoxy (HC(CH3)2O
•), and tert+butoxy (C(CH3)3O
•) radicals via 
photoelectron spectroscopy of the corresponding anions, measuring their electron affinities (EA) 
and term energies (T0( ← )). For ethoxy, the term energy was measured as 355(10) cm<1 by 
Ramond et al.16 via anion photoelectron spectroscopy, agreeing well with the more accurate term 
energy of 364(1) cm<1 subsequently measured by Jin et al.33 via dispersed fluorescence 
spectroscopy. Upon further methyl substitution, forming isopropoxy, the term energy decreases 
to 68(10) cm<1.33 In addition to these examples, the hydroxymethoxy radical (H2C(OH)O
•) was 
investigated via anion photoelectron spectroscopy to study the effect of non<alkyl substitution.37 
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The hydroxymethoxy term energy was found to be T0( ← ) ~ 3300 cm<1, close to an order of 
magnitude larger than ethoxy.37 In the present work, we extend this series of studies by 
investigating the aminomethoxy radical (H2C(NH2)O
•) via anion photoelectron spectroscopy of 
aminomethoxide (H2C(NH2)O
–) using electron velocity map imaging (VMI) and associated 
quantum chemical calculations. A comparison of the EA and T0( ← ) determinations provides 
instructive insight into the effect of substituent groups on the electronic structure of substituted 
alkoxy radicals (H2C(R)O
•, R = H, CH3, NH2 or OH).  
However, the motivation to study the aminomethoxy radical and its corresponding anion 
extends beyond a fundamental chemical and electronic structure investigation. The 
aminomethoxide anion is the conjugate base of aminomethanol (H2C(NH2)(OH)), an important 
prebiotic molecule as a precursor to simple amino acids.38<39 Spectroscopic studies of 
aminomethanol are non<existent, due to its inherent instability in the gas phase.40<41 By 
approaching the spectroscopy of aminomethoxy via its anion, the EA of aminomethoxy is able to 
be measured. The O–H bond dissociation energy in aminomethanol can then be obtained in a 
thermochemical cycle using the measured EA of aminomethoxy in conjunction with the gas 
phase acidity of aminomethanol.42 
  !
#

a) Experimental 
In this experiment, an electron velocity<map imaging (VMI) spectrometer is used, which 
is described in detail elsewhere.43 Briefly, the apparatus consists of four major components: 
anion generation, mass separation, mass<selected anion photodetachment, and measurement of 
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the kinetic energy and angular distributions of the photodetached electrons using the VMI 
spectrometer. 
The aminomethoxide anion (H2C(NH2)O
, m/z=46) is produced via the association 
reaction involving the amide anion (NH2
) and formaldehyde (H2CO). The ions are produced 
using a dual pulsed valve plasma entrainment source, which has been described in detail 
elsewhere.44 This source consists of two orthogonally oriented pulsed General Valves (Parker<
Hannifin Series 9): a main supersonic expansion of ~1% H2CO in argon gas (40 psig), and a 
secondary expansion (35 psig) of a mixture of 10% NH3 (99.999% purity) in argon. This 
secondary expansion only accounts for approximately 10% of the total pressure rise in the 
vacuum chamber when both valves are operational. The secondary expansion features a pulsed 
parallel plate discharge (7V = <2 kV, 7t ~130 Ls), generating a plasma which is then entrained 
into the main expansion. The primary anion formed in this discharge is NH2
–, which is able to 
react with neutral H2CO upon plasma entrainment into the main expansion. The excess argon in 
the main supersonic expansion provides collisional quenching, stabilization, and cooling of the 
product anions. The major products from this process, specifically anions with m/z = 46, will be 
described in Section III.a. 
Downstream from the main expansion, the anions are extracted into a Wiley<McLaren 
time<of<flight (WM<TOF) mass spectrometer where they are steered, focused, and separated by 
their mass<to<charge ratio (m/z). At the focus of the WM<TOF spectrometer, the anions are 
spatially intersected with a laser pulse, which is appropriately timed to temporally overlap with 
anions of a particular m/z ratio. This generates a small volume of photodetached electrons which 
are perpendicularly extracted into a VMI photoelectron spectrometer. The 3D electron 
distribution is velocity focused onto a 2D position sensitive microchannel plate (MCP)/phosphor 
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screen detector. The resulting 2D image is transformed into a 1D photoelectron speed 
distribution using the MEVELER program.45 The electron speed distribution is then converted to 
electron kinetic energy (eKE) distribution through a Jacobian transformation. Since the eKE 
distribution depends on the photon energy used for detachment, we report photoelectron spectra 
as a function of decreasing electron binding energy (eBE = hν – eKE), which is independent of 
photon energy. 
The angular distribution of the photoelectrons with respect to the laser polarization vector 
is also extracted from the velocity<mapped image. By fitting the observed angular distribution to 
the functional form given by Cooper and Zare,46 the anisotropy parameter (β) is obtained. The β 
parameter provides information on the nature of the orbital from which the electron originated, 
and is a powerful tool for identifying different electronic states of molecules or atoms. This 
anisotropy parameter is calculated within the MEVELER program. More information can be 
found in a recent review47 of photoelectron angular distributions and applications to the analysis 
of photoelectron spectra. 
 In a VMI spectrometer, the resolution improves as the eKE decreases.48 In order to take 
advantage of this characteristic property, we employ several different photon energies.  
Specifically, we use the second and third harmonics of a pulsed Nd:YAG laser: hν = 2.329 eV 
(532.3 nm) and 3.494 eV (354.8 nm), respectively. In addition, photon energies of 2.172 eV 
(570.8 nm) and 2.038 eV (608.4 nm) are also employed, and are generated by a 354.8 nm 
pumped optical parametric oscillator. The limits of our instrument resolution are determined by 
the photoelectron spectrum of an atomic anion, which is S– for this experiment,49 using the above 
photon energies. When considering eKE ≳ 0.4 eV, the ratio between peak full width at half 
maximum (fwhm) and eKE reaches a constant value of ~3%. For eKE approaching 0 eV, the 
Page 5 of 31
ACS Paragon Plus Environment
The Journal of Physical Chemistry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6 
 
instrument reaches a constant resolution (peak fwhm) of approximately 3 meV. In general, the 
width of an individual peak is approximately described by fwhm ~ (0.003 + 0.03 × eKE) eV. An 
experimental peak with a fwhm that is approximately within these parameters, which are 
determined for each experiment based on the S– photoelectron spectrum, is referred to as being 
“resolution<limited.” 
 Throughout this work, the uncertainties in the reported peak positions are derived from 
the uncertainties associated with the measurement of the photon energy, the statistical error in 
fitting the peaks to Gaussian functions, the absolute energy scale calibration, which uses the 
known photoelectron spectrum of S–,49 and the number of independent measurements of the 
individual peaks. These uncertainties are considered to be independent of one another and 
therefore are added in quadrature and result in uncertainties of approximately 1 meV. However, 
the reported error associated with the measurement of a specific spectroscopic transition can 
exceed this statistical estimate for several reasons. First, since our experimental resolution does 
not allow for detection of individual transitions, the center of an observed peak does not 
necessarily correspond to the band origin of a transition. In order to account approximately for 
this shift, the procedure developed by Engelking50<51 for rotational band shifts is employed (see 
Supporting Information). This small shift is included in the reported measurements of vibrational 
frequencies, the EA, and T0( ← ). Second, many of the observed peaks are not resolution 
limited and are therefore subject to further broadening. Specifically, more than one vibrational 
transition can account for the width of the peaks, and hence when assigning a transition to a non<
resolution limited peak, the actual band origin of that transition may reasonably be located within 
the fwhm of that peak. Therefore, for these cases, we use the peak half<width<at<half<maximum 
(± fwhm/2) to provide a conservative uncertainty in the energy of a vibrational component of 
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such a transition. Where appropriate, this additional uncertainty is included in the reported error 
bars. For the reported β values in Figures, the β values shown correspond to average values 
across the top ¼ of each peak in order to minimize the contribution from neighboring peaks to 
the β of individual peaks. The error bars correspond to the standard deviation of the mean β 
values across the points averaged for each peak.    
b) Theoretical 
Quantum chemical calculations that did not require the use of high level methods were 
performed in the Gaussian 09 suite of programs.52 The enthalpies for the reaction (7rxnH0K
o ) 
between NH2
– and H2CO forming various structural isomers of H4CNO
– (m/z=46) together with 
the EAs of the neutral products (see Supporting Information) were calculated using B3LYP/aug<
cc<pVTZ. The energy of excited electronic states of the aminomethoxide anion were calculated 
using EOM<CCSD/aug<cc<pVTZ. 
The electronic structure calculations used for the generation of simulated photoelectron 
spectra were carried out with energies and geometries determined using the Molpro suite of 
programs.53 Specifically, geometry optimization and harmonic vibrational normal mode 
calculations for the ground electronic states of aminomethoxide and aminomethoxy were 
performed using the CCSD(T)/aug<cc<pVTZ (ROCCSD(T) for the neutral radical) level of 
theory. The multiconfigurational self<consistent<field (MCSCF) method with the aug<cc<pVTZ 
basis set was used for the excited electronic state of aminomethoxy ( 2A′). In this calculation, 
the complete active space method (CASSCF) was used for geometry optimization and 
calculation of the harmonic vibrational normal modes. The optimization results are provided in 
the Supporting Information (Tables S1 – S4). For the MCSCF calculations, an active space 
consisting of five electrons in four orbitals (CAS(5,4)) was employed. The orbitals in the active 
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space nominally correspond to the σ(CO), oxygen 2py and 2px, and σ*(CO) orbitals. A range of 
active spaces were considered, from very small (3,2) to very large (19,10), including a (7,5) 
active space which encompassed the lone electron pair on nitrogen. All of the active spaces gave 
similar excitation energies (the EA of H2C(NH2)O
• and its T0( ← ) term energy), but we 
report using the (5,4) active space as successfully employed by Dillon and Yarkony for other 
small methoxy radicals. The (5,4) active space has the same number of electrons, and number 
and type of orbitals as was used by Dillon and Yarkony for ethoxy54 and hydroxymethoxy.55 
Given the high degree of success with this previous work on similar systems and the smaller 
computational cost, the (5,4) active space was chosen. This method for the excited state was 
chosen instead of a coupled<cluster approach as in the neutral ground state due to the successful 
calculations reported in previous work by Dillon and Yarkony when calculating excited states of 
substituted alkoxy radicals.54<56 They achieved success in reproducing the experimental data 
where non<multireference methods failed,16, 54 meaning that the multireference method provides 
a more accurate representation of the electronic structure involved. This computational method is 
also nicely balanced between accuracy and computational expense. However, we found that 
using the higher level CCSD(T)/aug<cc<pVTZ calculations for the H2C(NH2)O
–  and 
H2C(NH2)O
•  states, in combination with the CASSCF approach for the H2C(NH2)O•  state, 
showed a significantly better agreement with experiment compared to a fully CASSCF approach 
for the H2C(NH2)O
–  and H2C(NH2)O• ,  states. Finally, we calculated the H2C(NH2)O• term 
energy, T0( ← ), using the state averaged multireference configuration interaction with 
explicitly correlated energies (SA MRCI<F12), where the geometries and zero<point energies 
(ZPE) are obtained from the CAS optimization for the neutral  and  states. 
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The photoelectron spectra are calculated using the ezSpectrum57 program. The spectra 
were simulated using the equilibrium geometries, harmonic frequencies, and normal mode 
vectors of aminomethoxide and aminomethoxy obtained from the ab initio calculations described 
above in order to calculate the appropriate Franck–Condon (FC) factors. In the simulation, the 
FC factors are calculated within the harmonic oscillator approximation and by employing the 
Sharp<Rosenstock<Chen method with Duschinsky rotations.58 These calculations were carried 
out assuming an anion temperature of 150 K, based on previous experiments.37, 59 This procedure 
generates a discrete spectrum of sticks, where the intensities correspond to the calculated FC 
factor and the positions correspond to transitions between the relevant anion and neutral 
vibrational levels. In order to make a direct comparison between the calculation and experiment, 
the stick spectrum is convolved with Gaussian functions where the integrated area is equal to the 
calculated transition intensity and the fwhm is consistent with the eKE<dependent instrumental 
resolution of the VMI spectrometer. 
   !
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a) Chemical characterization of the observed anion with m/z=46 
Following the procedure described in Section II.a, the mass spectrum confirmed the 
production of an anion with m/z=46. The identity of m/z=46 was verified by the following series 
of tests. The anion with m/z = 46 was only observed when both H2CO was in the main expansion 
gas mixture and NH3 was in the side (discharge) expansion gas mixture. If only argon is present 
in the main expansion, the discharge of NH3 in the side expansion gas mixture generates a large 
amount of NH2
 anions. NH2


is a strong base capable of deprotonating H2CO
60 whereas other 
anions generated in the NH3 discharge are not thermodynamically capable of doing so. When 
H2CO is added to the main expansion gas mixture, the reaction of NH2
 with H2CO is expected 
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to cause a deprotonation of formaldehyde.61 Indeed, m/z=29 was observed and found to be HCO
.
 In addition to deprotonating formaldehyde, NH2
 can also react with formaldehyde in an 
association reaction, forming m/z=46. This reaction product can be collisionally cooled and 
stabilized by the argon carrier gas present in abundance in the main expansion. 
In the association reaction between NH2
 and H2CO, the formation of a C–N bond is the 
most likely to occur, resulting in the aminomethoxide anion being formed (inset graphic of Fig. 
1). While the physical intuition that the association reaction is most likely to produce m/z=46 as 
the aminomethoxide anion, a comparison between the experimental results and the theoretical 
predictions of the EAs of various other possible isomers further confirms this (see Supporting 
Information). The calculations performed here (CCSD(T)/aug<cc<pVTZ) predict the EA of 
aminomethoxy as 1.89 eV, in good agreement with the observed EA of 1.944 eV (see Section 
III). Other structural isomers of H4CNO that could possibly arise from photodetachment from 
other association reaction products between NH2
 and H2CO possess EAs at least 0.6 eV lower 
than what is predicted for aminomethoxy (see Supporting Information). However, no 
photoelectron signal was observed below an electron binding energy of approximately 1.9 eV, 
suggesting that it is highly unlikely that these other isomers are being formed in any significant 
abundance.  While this observation allows for a very strong inference that the identity of m/z=46 
is aminomethoxide, this will be further substantiated by the agreement between experimental 
observation and theoretical predictions of its photoelectron spectrum.  
b) Overview and electron affinity of aminomethoxy 
Given that the EA of NH2 (0.771 eV)
62 is substantially less than that of O (1.461 eV),63 
the negative charge on aminomethoxide is likely to be largely localized on the oxygen atom, as 
with the other alkoxide anions.16, 37, 48, 64 Thus, the EA of the aminomethoxy radical should be 
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similar to the other alkoxy radicals,16, 37, 48, 64 i.e. near 2 eV. In addition, this formal negative 
charge on the oxygen causes a strong intramolecular electrostatic interaction between the oxygen 
and the amino group. Upon electron photodetachment, it is expected that the strength of the 
intramolecular interaction will be significantly lessened, causing geometry changes associated 
with the weakening of this interaction. For example, the OCN angle and the distance between the 
oxygen atom and the amino group hydrogen atoms would be larger for the neutral radical 
compared to the anion. The calculated equilibrium geometries of aminomethoxide and 
aminomethoxy are detailed in Table S1 and support this physical interpretation. These changes in 
structural parameters will lead to vibrational transitions involving excitation of the HNH wag, 
OCN bend, and OC or CN stretches. If there is a sufficiently large degree of structural change, 
this could result in a photoelectron spectrum showing an extended vibrational progression. It is 
also likely that transitions involving a low<lying excited electronic state would be observed, as is 
the case with other substituted alkoxide photoelectron spectra. Given that the T0( ← ) for 
other alkoxy radicals range from approximately 70 cm<1 to 3300 cm<1, it might be expected that 
the T0( ← ) for aminomethoxy would lie somewhere within this range. In the following 
sections, results from the experiment are presented, the EA and T0( ← ) of aminomethoxy are 
determined, along with several vibrational frequencies. 
The lower panel of Fig. 1 displays the photoelectron spectrum of aminomethoxide 
acquired with a photon energy of 3.494 eV, which covers the complete range of eBE wherein 
photoelectron signal was observed. The wavelengths utilized for acquiring the spectra are 
numbered according to the figure where the resulting spectra are shown, i.e. hν1 corresponds to 
the photon energy employed to acquire the spectrum shown in Fig. 1. Fig. 1 displays a spectrum 
which begins with a sharp peak A, at an eBE of ~1.94 eV, with a resolution limited width of 48 
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meV, followed by partially resolved peaks B – D, which will be discussed below. The rest of the 
spectrum has partially resolved structure with peaks extending to an eBE of approximately 3.0 
eV, where the resolution should have improved to ~ 15 meV. The fact that there are no clearly 
resolved peaks at the highest eBE (lowest eKE) part of the spectrum indicates that there is likely 
a large degree of spectral congestion in this photoelectron spectrum.  
The upper panel of Fig. 1 shows the anisotropy parameter (β) of the photoelectron 
spectrum (black circles). The anisotropy parameter is generally positive for the entire 
progression, becoming more positive with higher eBE. However, there are also several negative 
values of β, which correspond to the peaks labeled A and C. When this observation is compared 
to the overall positive β of the rest of the progression, it strongly suggests that two distinct 
electronic states of aminomethoxy are accessed following the 3.494 eV electron 
photodetachment of aminomethoxide. In order to analyze this spectrum further, photoelectron 
spectra with higher resolution are required, and hence we obtain a second spectrum using a lower 
photon energy. 
 The photoelectron spectrum acquired with a photon energy of 2.172 eV (570.8 nm) is 
presented in Fig. 2. This higher resolution spectrum should capture peaks A – D on the rising 
edge of the low eBE portion of the spectrum shown in Fig. 1. Indeed, there are now a number of 
better resolved peaks between 1.94 and 2.17 eV eBE, in contrast to the spectrum shown in Fig. 1. 
Notice that what were barely resolvable peaks labeled B – D in Fig. 1 are now seen to consist of 
groups of peaks indicated in Fig. 2 under brackets with the same labels, supporting the 
conjecture that the lack of resolvable peaks when employing the 3.494 eV photon energy (Fig. 1) 
was due to spectral congestion. The 11 resolved peaks are now labeled with lowercase letters and 
numbers corresponding to the unresolved bands of Fig. 1. In this new spectrum, the fwhm of 
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peak a1 is 13 meV, significantly narrower than peak A in Fig. 1 (48 meV), but continues to be 
close to resolution limited. This again indicates that peak a1 (peak A in Fig. 1) is likely 
dominated by a single vibrational transition, a statement that is confirmed by the simulated 
photoelectron spectrum displayed in the lower panel of Fig. 2.  
For the determination of the EA of aminomethoxy, we focus on peak a1 of Fig. 2, which 
is the apparent origin of the overall vibrational progression. As mentioned previously, the 
CCSD(T)/aug<cc<pVTZ calculations predict the EA of aminomethoxy as 1.89 eV, in close 
agreement with the corresponding eBE of the center of peak a1. In order to establish our best 
measurement of the EA of aminomethoxy, we obtain a photoelectron spectrum with an even 
lower photon energy of 2.038 eV, displayed in Fig. 3. Using this lower photon energy, peak a1 
has a fwhm of 9 meV. From the center position of peak a1 and the consideration of the 
uncertainties and shift discussed in Section II, the EA of aminomethoxy is determined to be 
1.944(1) eV. Other important assignments are based on Figs. 2 and 3 and partially rely on a 
comparison between the experimental and simulated photoelectron spectra. 
 The simulation shown in the lower panel of Fig. 2 assists in determining the transition 
assignments of the other observed peaks in the experimental photoelectron spectrum. In the 
simulation, the red sticks represent transitions from the ground electronic state of 
aminomethoxide to the ground electronic state of neutral aminomethoxy () and the blue sticks 
represent transitions to the neutral excited electronic state (), which is discussed in the 
following section (III.c). The “stick spectra” representing transitions to these two states were 
shifted and scaled so that the origin transitions of the  and  states of aminomethoxy matched 
the position and ratio of the areas of peaks a1 and b2, respectively. The qualitative agreement 
between experiment and calculation supports the claim that the ground state origin transition 
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(peak a1) is dominated by a single vibrational transition and hence allowed for a precise 
measurement of the EA. From a comparison between the higher resolution spectra (Figs. 2 and 
3) and simulation, a thorough analysis of the spectrum can be performed, providing the 
measurement of T0( ← ) and assignments of vibrational frequencies of aminomethoxy.  
c) Determination of the term energy, T0( ← ), of aminomethoxy 
 The experimental assignment of the origin of the  state vibrational progression is 
determined from three factors: experimental peak<specific anisotropy parameters, experimental 
peaks unable to be assigned to  state transitions, and comparison with the theoretically 
predicted photoelectron spectra. In the spectrum obtained with a photon energy of 3.494 eV (Fig. 
1), the  state origin peak (peak A) has a β < 0, while the high eBE region (above ~2.2 eV) has β 
values that are greater than 0. As previously mentioned, this changing anisotropy parameter 
across the spectrum suggests the presence of transitions to at least two different electronic states. 
The high eBE region is likely dominated by transitions to the higher<lying  state, which is 
confirmed by the calculated spectrum over the full range of eBEs (shown in Fig. S3 in the 
Supporting Information). However, because of the reduced resolution, the origin of the	 state 
vibrational progression cannot be determined from the spectrum in Fig. 1. From the higher 
resolution photoelectron spectrum (Fig. 2), an analysis of the β parameter shows that most of the 
observed peaks have a near isotropic photoelectron angular distribution (β ≈ 0), apart from peak 
b2 with β ≈ +0.5. A photoelectron spectrum obtained with a slightly higher photon energy of 
2.329 eV (Fig. S2) further corroborates this observation of the positive anisotropy of peak b2 
compared to neighboring peaks.  
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Peak b2 is the lowest eBE peak that does not have an assignment corresponding to a 
transition from the anion to the ground  state of the neutral radical, according to the simulated 
photoelectron spectrum. Peak b2 is centered at 2.0294(7) eV (Fig. 3), 689(10) cm<1 above the  
state origin. While this peak spacing is similar to the HCH torsional frequency of the  state (666 
cm<1, see Table S3), transitions involving this symmetry breaking vibrational mode are not 
allowed except through the possibility of significant vibronic coupling between the  and  
states of aminomethoxy. There are no other predicted transitions to the ground  state with 
significant Franck<Condon factors that could be assigned to peak b2. Additional resolved peaks 
in both Fig 2 and Fig S2 are similarly unassigned when only considering predicted transitions to 
the ground  state with significant Franck<Condon factors, such as peaks d1 and d2. However, if 
peak b2 is assumed to be the  state origin transition, and the theoretically predicted 
photoelectron simulation is overlaid with the experimental data, the simulation is able to capture 
these previously unassigned resolved peaks. This assignment is further confirmed by the overall 
satisfactory agreement between the calculated and experimental spectra over the full range of 
eBEs (Fig. S3). This agreement is particularly good with regard to the overall width of the 
vibrational envelope and the position of its maximum, located at approximately 2.28 eV eBE.  
It is the confluence of these observations which allows us to assign peak b2 as the  state 
origin transition. Thus, the T0( ← ) term energy is obtained from the highest resolution 
spectrum (Fig. 3) and is determined to be 0.085(1) eV. The calculations performed here 
(CAS(5,4)//MRCI<F12/aug<cc<pVTZ) find that the T0( ← ) term energy of aminomethoxy is 
0.201 eV. Although the agreement with the experimental measurement is not completely 
satisfactory, possibly due to the small energy difference between the  and  states (see section 
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IV.b) and the use of a less computationally expensive active space, the experimental evidence of 
the origin of the ground and first excited electronic states is clear. 
d) Vibrational analysis 
In order to conduct a vibrational analysis of the experimental photoelectron spectrum, we 
compare the experimental and calculated spectra displayed in the lower panels of Fig. 2. For 
convenience, the transition energies are given relative to the specified electronic state’s 
vibrational origin ( or ) and reported in wavenumbers, therefore representing the vibrational 
frequencies of the final neutral electronic state. As mentioned in the beginning of Section III.b, 
the calculations predict that the most active vibrations in the photoelectron spectrum will be the 
HNH wag, OCN bend, C–N and O–C stretches based on the geometry change between the anion 
and neutral  and  states. As the subsequent analysis shows, our experimental observations 
indeed confirm our predictions, providing further confidence in the assignments made here. 
Peak b1 is separated from peak a1 by 496(10) cm<1, a value that agrees well with the 
calculated OCN bend harmonic frequency (498 cm<1) of the neutral  state. This provides a 
measurement of the OCN bending frequency 	
()  = 496 (10) cm
<1. The transition which is 
predicted to dominate peak b3 can be assigned as 	() = 790(20) cm
<1, which agrees well with 
the calculated harmonic frequency of the HNH wag (847 cm<1). The assignments of peaks c1 
through d3 are more complicated due to the presence of several transitions whose proximity 
would make them impossible to experimentally separate due to the instrument resolution. This 
spectral congestion limits our ability to assign some peaks to a single transition, and so tentative 
assignments are made instead (Table S7). As an example, peak c1 is located 985(12) cm<1 from 
the  state origin, which can correspond to either the first overtone of the OCN bend in the 
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ground electronic state, 2	
(), calculated as 996 cm
<1, or the C–O stretch 		(), calculated as 
1002 cm<1. These two transitions are predicted to have very similar Franck<Condon factors, 
further complicating the assignment. The ambiguity cannot be eliminated with our experimental 
resolution which limits our capability of accurately determining the source of these transitions.  
e) Unassigned transitions 
The high resolution photoelectron spectrum in Fig. 3 reveals two additional peaks, 
labeled * and **, which are not accounted for in the calculated spectrum. The spacings from 
peak a1 to peaks * and ** are 220(30) cm<1 and 350(40) cm<1, respectively. The lowest frequency 
vibration of the  state of aminomethoxy is the HNH torsion, calculated to be 252 cm<1. While 
this vibrational frequency matches the peak spacing fairly well, this is a symmetry<forbidden 
transition. This suggests that the appearance of these peaks could be an indication of vibronic 
coupling between the  and  states of aminomethoxy. However, these peaks are not able to be 
resolved when using a higher photon energy (such as in the spectra reported in Figs. 2 and S2), 
but otherwise using the same experimental conditions. The photon energy<dependent appearance 
of these peaks suggests that peaks * and ** likely result from electron autodetachment, as 
described in previous investigations.65<73 It is possible that the normally forbidden torsional mode 
gains intensity via the autodetachment process.67, 73 
 %!
&"	

a) Thermochemistry of aminomethanol 
Some thermochemical properties of aminomethanol can be obtained using the measured 
EA of aminomethoxy and a thermochemical cycle:42  
D0H2C(NH2)O–H = 7acidH0K
o (H2C(NH2)OH)	– IE(H) + EA(H2C(NH2)O
•)    (1) 
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There is no experimental measurement of either the O–H bond dissociation energy, 
D0(H2C(NH2)O–H), or the gas phase acidity, 7acidH0K
o (H2C(NH2)OH), of aminomethanol. Thus, 
quantum chemical calculations must be employed to obtain either one of these values. In this 
work, 7acidH0K
o (H2C(NH2)OH) was selected since this quantity only depends on calculating the 
heats of formation of the closed shell species H2C(NH2)O
–, H2C(NH2)OH, and H
+. The G4 
composite method was applied yielding 7acidH0K
o (H2C(NH2)(OH)) = 374.0 kcal mol
<1, where the 
estimated uncertainty is on the order of 2 kcal mol<1.74 Using the experimental EA(H2C(NH2)O
•) 
= 1.944(1) eV and the well<known ionization energy of atomic hydrogen,75 this cycle predicts 
D0(H2C(NH2)O–H) to be 106.3 ± 2.0 kcal mol
<1, using a conservative estimate of the uncertainty. 
This value for the bond strength, derived from a combination of experimental EA and the 
7acidH0K
o  calculation is also in good agreement with the calculated (G4 composite method) value 
of D0(H2C(NH2)O–H) = 107.7 kcal mol
<1. Thus, the thermochemical cycle is self<consistent 
when the experimental EA is combined with either of the calculated bond strength or acidity. 
Table 1 summarizes this result, together with other major experimental results reported here. 
b) Comparison of aminomethoxy with other singly substituted alkoxy radicals 
It is instructive to compare of the EAs of ethoxy, aminomethoxy, and hydroxymethoxy, 
as well as the unsubstituted methoxy. While these are isoelectronic radicals and have similar 
atom connectivity, each have different functional groups attached to the central carbon atom. 
Comparing the experimentally measured EAs of H2C(R)O
• we see a trend of increasing EAs 
with increasing electronegativity of the R group: 1.5689(7),64 1.712(4),16 1.944(1), and 
2.220(2)37 eV for R=H, CH3, NH2, and OH, respectively. This trend can also be associated with 
the increasing strength of the intramolecular interaction between the R group and the adjacent 
oxygen. Although calculations show that both neutral and anions are stabilized by such an 
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interaction, the anions are stabilized more due to the greater coulombic character of the 
intramolecular bond. It is thus reasonable that the most electronegative group (R = OH) results in 
the largest EA. While the reason is unclear, the measured T0( ← ) values also correlate with 
the increasing electronegativity of the R group: 62(1) cm<1,20 364(1) cm<1,33 689(10) cm<1, and 
approximately 3300 cm<1,37 for R= H, CH3, NH2, and OH, respectively. For methoxy, the energy 
difference being referred to here is the spin<orbit splitting of ~ 60 cm<1,64 a very distinct feature 
of the electronic structure in methoxy compared to what is observed for the substituted alkoxy 
radicals. Table 2 compares the measured EAs and T0( ← ) of small substituted alkoxy 
radicals, where the trend can be more easily noted. 
It is also interesting to note that the photoelectron spectra of aminomethoxide and 
hydroxymethoxide37 are quite similar, as shown in Fig. S4 in the Supporting Information. In fact, 
it appears as though the electronic excited state portion of the spectra were simply “shifted” to 
account for the difference in the term energies for the two molecules (T0( ← ) = 0.085(1) eV 
for aminomethoxy and T0( ← ) ~ 0.4 eV for hydroxymethoxy37). This five<fold difference 
between the T0( ← ) suggests that exchanging the amino group for a hydroxyl group has a 
significant effect on the electronic structure of these singly substituted alkoxy radicals. In 
addition to the their work on ethoxy,54 Dillon and Yarkony performed a theoretical study of 
hydroxymethoxy55 focusing on its distinct electronic structure. In that study, they argue that the 
electronic structure and the topography of the  and  states of hydroxymethoxy are drastically 
different from the typical Jahn<Teller influenced topography of ethoxy. This difference is mainly 
attributed to the strength of the intramolecular interaction between the hydroxyl group and the 
oxygen atom. In aminomethoxy, the amino group is also able to form a strong electrostatic 
intramolecular interaction with the O moiety, but the nitrogen atom is less electron<withdrawing 
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than oxygen and, therefore, polarizes the hydrogen atoms to a lesser extent. Aminomethoxy also 
exhibits an equilibrium geometry in which the hydrogen atoms are not as close to the O moiety 
when compared to hydroxymethoxy. This is because of the average geometry of 
hydroxymethoxy forms a four<membered planar O<C<O<H ring, while in aminomethoxy, the 
oxygen bisects the HNH angle, causing both hydrogens of the amino group to be out of the O<C<
N plane. Thus, the interatomic distances between the hydrogen and the opposite oxygen atom are 
2.68 Å in aminomethoxy versus 2.29 Å in hydroxymethoxy, which can make the interaction 
between these moieties considerably weaker in aminomethoxy than hydroxymethoxy. 
A comparison between aminomethoxy and other small substituted alkoxy radicals 
provides a possible explanation of why the calculated and experimental photoelectron spectra 
presented in Fig. 2 have a less than perfect agreement, particularly for peaks above 2.06 eV. Is 
has been shown previously that for other small alkoxy radicals, the inclusion of vibronic 
coupling, i.e. coupling of electronic and vibrational degrees of freedom, was the primary 
contributor to generating accurate calculated photoelectron spectra.37, 54<56 Similar to 
aminomethoxide, the photoelectron spectrum of ethoxide reported by Ramond et al.16 displayed 
numerous prominent disagreements between harmonic calculations and the experiment, 
particularly regarding peak intensities. This photoelectron spectrum was later investigated by 
Dillon and Yarkony,54 who, by including vibronic coupling between the ethoxy  and  states in 
the calculation, significantly increased the level of agreement between theory and experiment 
while also shedding light on why there were initially disagreements. Thus, it is likely that 
vibronic coupling between the  and  states in aminomethoxy is also a dominant contributor to 
the disagreement between calculation and experiment for the photoelectron spectrum of 
Page 20 of 31
ACS Paragon Plus Environment
The Journal of Physical Chemistry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
21 
 
aminomethoxide. However, it is beyond the scope of this work to attempt this level of theory for 
aminomethoxy. 
%!
	"	

In this work, the aminomethoxide (H2C(NH2)O
–) anion was successfully produced via an 
association reaction between the amide anion (NH2
–) and formaldehyde (H2CO). The 
photoelectron spectrum of H2C(NH2)O
– obtained with a photon energy of 3.494 eV accesses the 
ground ( 2A″) and first excited ( 2A′) electronic states of the neutral aminomethoxy radical 
(H2C(NH2)O
•). The photoelectron spectrum accessing these two electronic states of H2C(NH2)O
•  
is broad, extending for approximately 1 eV. The extent of the progression indicates that there is a 
large degree of geometry change between anion and neutral electronic states upon 
photodetachment. Higher resolution photoelectron spectra obtained using photon energies of  
2.172 or 2.038 eV resolve vibrational transitions between the anion ground state and the neutral 
ground ( 2A″) and excited ( 2A′) electronic states. The high resolution photoelectron spectrum 
provides an experimental measurement of the electron affinity of aminomethoxy to be 1.944(1) 
eV) and the T0( ← ) term energy to be 0.085(1) eV. Several vibrational assignments were 
made, aided by a comparison between the experimental and calculated spectra. There is 
predicted to be strong Franck<Condon activity mainly in the OCN bending and HNH wagging 
vibrations of aminomethoxy. Some discrepancies between calculated and experimental peak 
intensity ratios were observed. Because of the small energy separation between the  2A″ and  
2
A′ states of aminomethoxy, and following a comparison with the ethoxy radical, it is suggested 
that not including vibronic coupling between these electronic states likely results in the observed 
disagreement between experiment and theory. A comparison between the electron affinities and 
term energies of aminomethoxy and other singly substituted alkoxy radicals H2C(R)O
•, ethoxy 
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(R=CH3) and hydroxymethoxy (R=OH), provides physical insight into how the R group 
influences the electronic structure of these species. The observed trends in the EAs and T0 of 
these radicals is associated with the strength of the intramolecular interaction between the R 
group and oxygen atom, with CH3 being the weakest and OH strongest. 
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The Supporting Information is available free of charge on the ACS Publications website at DOI: 
Optimized geometries, rotational band shifts, additional spectra, vibrational assignments 
and a reproduction of the photoelectron spectrum of hydroxymethoxide. 
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Figure 1:
(Lower panel) Low resolution photoelectron spectrum of aminomethoxide obtained 
with a photon energy of 3.494 eV. Four apparent peaks are labelled A, B, C, and D. The arrows 
labelled hν2 and hν3 indicate photon energies used to obtain the higher resolution spectra shown 
in Figs. 2 and 3, respectively. (Upper panel) Photoelectron anisotropy parameter (β) of 
aminomethoxide (black dots) as a function of electron kinetic energy (eKE). The β values are 
only displayed where a significant photoelectron signal was observed. 
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Figure 2: (Lower panel) Calculated photoelectron spectrum for transitions from the ground 
electronic state of aminomethoxide to the ground and first excited state of aminomethoxy radical. 
(Middle panel) Photoelectron spectrum obtained using a photon energy of 2.172 eV. The 
previously unresolved subpeaks in features A, B, C, and D of Fig.1 are now resolved and 
identified as a1, a2, etc. in this panel. (Upper panel) Anisotropy parameter β associated with the 
photoelectron spectrum found in the middle panel.  
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Figure 3: Aminomethoxide high resolution photoelectron spectrum obtained using a photon 
energy of hν3=2.038 eV. The two peaks labelled * and ** are discussed further in the text. 
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Table 1: Summary of major results. 
"

9

"

(	
 "	

EA(H2C(NH2)O
•) / eV 1.944(1) 1.89 eVa 
T0( ← ) 
(H2C(NH2)O
•) / eV 
0.085(1) 0.201 eVb 
7acidH0K
o (H2C(NH2)OH) 
/ kcal mol<1 
< 374.0c 
D0(H2C(NH2)O–H) / 
kcal mol<1 
106(2)d 107.7c 
a CCSD(T)/aug<cc<pVTZ (RO method used for 
neutral) 
b CAS(5,4)//MRCI<F12/aug<cc<pVTZ, see Section II.b 
c G4 composite method, see Section IV.a 
d
 Value based on the thermochemical cycle (Eq. 1) 
using the calculated ∆acidH
o
0K(H2C(NH2)OH) which has 
a predicted uncertainty of ~ 2 kcal mol<1 (see Ref. 77) 


Table 2: Comparison between electron affinities and term energies of small substituted alkoxy 
radicals, H2C(R)O, R = H, CH3, NH2 and OH. 
H2C($)O EA / eV T0( ← ) / cm<1 

 1.5689(7)a 62(1)b 
5
 1.712(4)
c 364(1)d 

 1.944(1)
e 689(10)e 

 2.220(2)f ~3300f 
a. Weichman et al.64 
b. Spin orbit splitting, Brossard et al.20 
c. Ramond et al.16 
d. Jin et al.33 
e. this work 
f. Oliveira et al.37 
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